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ABSTRACT

The Effects of Isometric Work on Heart Rate,
Blood Pressure, and Net Oxygen Cost®w

Robert L. Bartels, Richard W. Bowers, Edward L. Fox
Edwin P. Riatt and Frank L. Msrtin

The Ohio State University

oW\

The purpose of this study was to investigate the effetts of a ten
second isometric exercise, which involved much of the large musculative,
upon the heart rate, blood pressure and net oxygen cost. $Six subjects, all
athletes or former athletes in good physical condition exercised in a semi~
reclining, fixed position against a Msdart spring dynomometer. EKach subject
pulled té sixty per ceut of his previously determined maximm effect.

The heart rate showed a slight increase during exercise followed by s
sharp rise in the few seconds following exercise. This was followed by a
drop almost to the resting level within twenty to thirty seconds following
exercise.

sﬁtoltc pressure role toll&tm exercise and was highest in the period
immediately following exercise. It then dropped slowly to resting levels
but had done 30 {n wost cases vithin two and a half minutes.

Dystolic pressure fell slightly in the first thirty seconds following
exercise, and returned to the resting level within ¢ minute and & half.

Oxygen consumption varied widely both between subjects and between

experiments in the same subject. i W

*Supported In Part By A Crant From BASA (NO. NsG-295-62)



The development of muscular strength and the physiological responses
to a training program leading to such development have been extremely in~
teresting to physiologists for many years. The studies of Muller and
Hettinger (7) concerning isometric exercise have opened a new avenue of
interest to researchers interested in the development of strength and have
provoked much interest and discussion on the part of medical people because
of the cunlcai implicatiocns of such & system of exercise and also of phys-
fcal educators interested im the training of athletes. This remarkable
piece of work which indicated that an isometric contraction of six seconds
per day equal to 2/3 of the meximum strength of the muscle increased wuscle
strength as much as could be done {f the muscle were contracted maximslly
and/or 4{f the muscle were exercised longer (to exhaustion) or more frequently.
The implicatiocns to athletes and to other interested people are staggering.
Karpovich (9) in his remarks about isometric exercise indicates that he
believes that there may be so many advantages to isometric exercise that
the cumbersome, time-consuming isotonic programs may have been a waste of
time. '

Much of the research in this area offers credence to the findings of
u{iue: and Hettinger. Baer, et al (1), Darcus and Salter (4), and Matheus
and Kruse (10) found an increase in strength as a result of isometric train-
ing slthough they do not entirely agree as to the extent of the gains found
or upon how their findings compare vith the results of various isotonic
programs. Rose, et al (15), and Rarich ;nd Larsen (12) generally agreed
with the findings of n’iu.: and Hettinger although each disagreed on some

points.



There have becn some important disscaters to the Malleroﬂettinger
findings (2,5,6), but the increase in the number of pcople who use iso-
metric training programs in the preparation of athletes for competition
and in clinical practice helps to confirm their usefullness. It is re-
markablz that studies concerning the physiologic effects of isometric
exercises have not kept pace with this interest, In an early study of the
physiologic effects of isometric work, Cathcart et al (3), found that there
was no marked f{ncrease in 02 intake following the cessation of effort. They
found a definite rise in respiratory and heart rates and in blood pressure
-during work. They also found that the rise in diastolic pressure was more
marked than that of the systolic pressure.

J. R. McCurdy (11) studying the effects of effort (not isometric) on
blood pressure commented that in order to have a true picture of blood
pressure changes resulting from maximum effort it is necessary to take the
blood pressure during the effort, as blood pressure falls too quickly for
later readings to be reliable. He found that blood pressure rises to a
great height during maximal effofi. but that heart rate is only slightly
changed and that at the end of the exercise perfod blood pressure and heart
rate rapidly return to normal.

In a later study, Thompson (16), studying some of the physiologic effacts
of both {sometric and isontonic work, found that {sometric work caused a pro-
nounced rise in both systolic aand diastolic blood pressure but remarked that
the diastolic pressure had returned f; resting levels within about thirty
seconds. The effect of {sotonic work was different in that it caused no
significant change in diastolic pressure. Rasch (13), on the other hand,

found that having a subject hold a weight equal to about two-thirds of his



waximum strength for a period of about 15 seconds caused an increase in
systolic and a decrease in diastolic pressure. The principal difference he
reported between the effects of isometric and {sotonic exercises of roughly
the same intensity was a considerably greater decrease in diastolic blood
pressure in {sotonic exercise.

Because of the seeming possibility of a shortcut into improved strength,
isometric training programs have captured the ianterest of many people. It
is apparent that the above studies offer only a limited amount of the total
information needed before the real value of {sometric exercise can be assess-
ed. It was, therefore, the purpose of this study to investigate the effects
of a brief period of an isometric activity which involved many of the larger
nuscles of the body upon the blood pressure and upon the heart rate; and,
finally, to determine the magnitude and range of the energy cost of such
exercise.

Methods and Procedures

The Subjects. The subjects in this study were six male athletes or ex-
athletes all in good physical condiéion whose ages ranged from 23 to 34, All
were experienced subjects being well use to all of the apparatus used {n this
study. Data concerning the subjects are contained in Table I.

The subject for each experimental run was placed on a training table
and was told to lean back against a backrest which was placed at an angle of
45 degrees to the table. His position g?s adjusted so that his feet were
placed upon the platform of a Medart spring back and leg dynamometer, uis
knees being bent to an angle of 135 degrees as measured by a goniometer. The
dynamometer was positioned so that the platform was vertical and the in-

dicator dtai arranged 30 that the subject could see it. The dynamometer



chain passed up between the subject's legs with the crossbar attached so
that the subject could just grasp it, palms up, and atill have head and
shoulders against the backrest. After the subject was positioned, the backe
rést was removed.,

Preceding the main part of the experimental runs the reliability of
the apparatus was tested by having the subjects pull twice on different
days against the apparatus while positioned as mentioned above. Each pull
was to represent a maximal effort for a ten-second period. The result was
satisfactory (r = .94), and the mean of the two attempts was taken to rep~
resent a maximal effort. For the actual experiment the subjects pulled
oaly 60% of this established maximum,

Aggarntus. The measurement of the force of the isometric pull was done
with the back and leg dynamometer., This was equipped with two poiaters; one
whichmoved to indicate the smount of pull and another which could be moved
to ind{cate any desired amount of pull. Heart rate was tgken by means of
telemetry. Disposable electrodes were placed on the subject's sternum and
left side and were attached to a small Jaeger telemetering device. Thuis
transmitted the signal to an F.M. receiver placed nearby. The signal was
recorded on a Sanborn Viso-Cardiette, Model 51 electrocardiogram. Arterial
blood pressure was measured with a mercury sphymomanometer, and gas anazlyses
were done on a Beckman Model E-2 oxygen anslyzer and a Beclman Spincon Model
IB-1 {nfra-red carbon dioxide analyzer.

Protocol. The subject wasallowed t; rest on the training table for
fifteen minutes before the astart of exercise, reclining against the backrist,
Preliminary heart rates and blood pressures were taken every five minutes
during this period to establish resting levels. At the end of the first ten

minutes a nose clip was put on the subjcct and a mouthplece was placed in his



mouth. He now inhaled from a 120 liter Tissot means chain compensated type
spirometer and exhaled through the collection hoses into the open room thus
washing out the hoaes with expired air. Thirteen minutes after the resting
period began the subject was placed in the above described position and the
movable needle on the dynamometer was placed at 6C% of the subject’s estsblished
maximum pull., FPFourteen minutes and fifteen seconds after the start of the
resting period, the subject was told to place his hands, palms up, on the
crossbar; and twenty seconds before exercise began the backrest was removed,
the subject being supported by a coinvestigator..Exercise began 15 minutes
after the formal resting period began. The subject was instructed to pay
strict attention to the dynamometer needles, pulling just hard enough so
that they came exactly together and to be careful to maintain this amount of
pull for the tenesecond period as called cff by a coinvestigator. He then
was cllowed to release the crossbar and to resume breathing, and the backe
rest was put into place. The first minute of expired air was now being
collected in the first of a series of threc 30-liter Douglas bags. The
sccond and third minutes of expired air were collected in the sccond of the
Douglas bags in the series, and the fourth and fifth minutes in the third
bag. Expired volumes (BTPS) were calculated from a Kymograph record on the
spirometer from which the subject inhaled.

Blood pressures were taken as soon as possible following cxercise (the
cuff was already in place) and then every thirty seconds counted from the
beginning of exercise. Heart rates uefé’ftgured on a three beat basis but
are expressed as a per minute value., These were taken beginning five sec-
onds before exercise, fgr thirty seconds beginning with the start of the
exercise period, for the first fifteen seconds of every minute thereafter,

and for the final fifteen seconds of the f{fth minute.



Results
HEART RATE

As might be expected, there was e marked rise in the heart rate before
exercise began. This was true in every experiment although the extent of
the increase was greater in the first two experiments with each subject in
sll but one case. This decrease in the anticipatory rise in the heart rate
was apparently due to familisrization with the apparatus. The heart rate
ganerally went up slightly from the pre-exercise level, but -the greatest in-
creasc in evary experiment came in the few seconds immediately after the
cessation of exercise. This was followed by a dramatic drop almost to the
resting level, in some ‘cueo. vithin twenty seconds following exercise. The
heart rate ﬁhén fluctuated some, dut in virtually every csse had returned
within two or three beats per minute of the resting level within the five
ninutes rccover;ipcrtod. In many cases, heart rate dropped below the rest~
ing level some time during this period. Meams and standard deviations of
heart rates of all experiments for each subject are shown i{in Table II and
. for all experfiments in Tsble 1II.
BLOOD PRESSURE

Systolic pressure. The systolic pressure rose following exercise {n

every case and was highest in the period immedistely following exercise. It
then began to drop slowly to normsl levels sometimes fluctuating as {t did
80 but had reached the resting level in most cases within two and one: half
winutes following exercise, The fluctuation in the blood pmisura wa3
progressively less and less from this time unti{l the end of the recovery
period. Means and standard deoviations of systolic pressures in all exporie
wents for espch subject may be seen in Table IV, and for all experiments

fa Table V.



Pisstolic pressurc. The diastolic pressure {in nearly every case showed

a decrease from the resting level in the firty thirty second period following
exercise. Iu wmost cascs it had returned to the resting level within the
first minute and thirty seconds of the recovery perifod and remained at this
level. Diastolic pressure changes were very small as compared with the
systolic pressure and fluctuation was markedly less., Means and standar?
daviations of all experiments for each subject may be seen in Table VI end
for ~ll experiments in Table VII.

Oxygen consuuption. The striking thing about oxygen consumpption was

the wide variability not only between subjects but in different experiments
involving the same subjects., The net oxygen cost of exercise of one subject
was ¢8 low as 3.16 ml. per kg. of body weight, and in one case, another
subject absorbed 13.37 ml. per kg. of body weight. Total cost was highly
variable in the xase of each subject, and one subject varied 9.97 ml. per kg.
of body weight from one experiment to another. Results of these data are
shown in Table VIII.
Discussion

Isometric contrsctions when put together into a sound system of total
body exercise seem to have several advantages over isontonic (barbell)
training. They are, first of all, less time consuming. They require no
expensive equipment &s exercises may be designed which involve only such things
as chairs, doorways, or even other people in dual exercises. It is possible
to do these exercises in a confined -pacé.such as a hospital bed or even in
this age an astronaut’s capsule. Clinical use of {sometric exercise is
bound to increase as it {s the logical answer to problems which have existed
for many years. There i3 no doubt now that bedridden people can, through a

carefully adainistered program, maintain or even build muscular strength.



This is not an unreasonable expectation, for fsometric contraction can involve
real effort. This effort may iuvolve, in the case of total body exercises
such as were used in this study, s thirty-fold increase in the metabolic rate;
a considersble smount of work.

These exercises may involve another factor heretofore largely unexplored.
In view of the {ncrease in heart rate snd chsanges in arterial pressure note
ed in the above findings it may also be possible to mske a substantial con-
tribution to the general tonus and efficiency of the cardiovascular system
and very likely also to the respiratory system. To the bedridden person or
to the astronaut vho is in cramped quarters for au extended period of tixwe
this factor may be as important as thst of maintasining muscular strength.
This sspect of fsometric effort needs more funvestigation.

The seeming vide variability of the oxygen consumption data is given
credence by the fact that the resting levels of 0, consumption for each
subject ware quite close. The reason for the variability in O, consumption
resulting froa exercise {s not ¢lesr snd needs more investigstion. This is
particularly true since the dootgnnr; of closed life support systems, such
as space cspsules, will nedd accurate dats on the rate of utilization of
oxygen and production of carbon dicxide during periods of isometric

exercise.



AGES, HEIGHTS, AND WRIGHTS OF THE SUBJECTS

TABLE X

Subject Age Reight Weight in Kg.
EF 25 64" 78.09
RS 23 61" 96.25
RB 34 63" 97.16
™ 34 5" 76,91
1) 25 s'11n 71.73
i 28 60" 74.00
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